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Description 

[0001 ] The present invention relates to the use of erythropoietin (EPO) for the preparation of a pharmaceutical com- 
position for pulmonary administration or inhalation. 

5 

BACKGROUND OF THE INVENTION 

[0002] Ail mammals possess a hematopoietic (blood-forming) system that replenishes the multiplicity of Wood cell 
types found in a healthy animal, including white blood cells (neutrophils, maaophages. and basophit/mast cells), clot 

10 forming cells (megakaryocytes, platelets), and red blood cells (erythrocytes). The average human rr^le's hematopoietic 
system has been estimated to produce on the order of 4.5 x 10^^ granulocytes and erythrocytes every year, which is 
equivalent to an annual replacement of total body weight [Dexter etaf., (1985) BioEssays. vol. £: 154-158]. Current sci- 
entific ufKlerstanding proposes that snnali amounts of specific hematopoietic growth factors direct the proliferation, dif- 
ferentiation. and maturation of each of the various hematopoietic cell types from a small population of pluripotent 

15 hematopoietic stem cells. These various growth factors act at different times on different cell populations, ultimately giv- 
ing rise to a functional hematopoietic system. 

[0003] One specific and vital role of the nr^mmalian hematopoietic system is the production of erythrocytes, or red 
trfood cells, wtiich transport oxygen to the various tissues of the €mimar5 body. The process of producing erythrocytes 
C^erythropoiesis**) occurs continuously throughout an animal's life span to offset erythrocyte destruction. The typical red 
20 blood cell has a relatively short life-span, usually 100 to 120 days: Gray*s Anatomy, Wilfiams et al. eds.. Churchtit Liv- 
ingstone. 1989. p. 665. Erythropotesis is a predsely controlled physiological nriechanism whereby sufficient numbers of 
erythrocytes are produced to enable proper tissue oxygenation, txit not so many as to impede circulation. 
[0004] Erythropoiesis is now known to t>e primarily controlled by the polypeptide erythropoietin (EPO). an acidic glyc- 
oprotein. Erythropoietin is produced as the result of the expression of a single copy gene located in a chromosome of 
25 a mammal. A ONA molecule encocfing a ONA sequence for human EPO has been isolated and is described in U.S. Pat- 
ent No. 4.703.008, and hereinafter referred to as the "Un patent** Also, DNA molecules coding for EPO from monkeys 
[Un et al., (1986; Gene, vol. 44. pp: 201 - 209] and mice {McDonaM et al., (1986) Mol. Cell Biol., pp: 842] have been 
desCTibed. The amino acid sequence for recombinant human EPO ("rHuEPO") is identical to the sequence for EPO 
obtained from human urinary sources. However, as could be expected, the glycosyiation of rHuEPO differs from that of 
30 urinary EPO and human serum EPO. See. e.g. Starring et al. (1992). J. Endocrin., vol. 134. pp: 459 - 484; Strickland 
et al (1992), J. Cell Biochem., suppl. 16D. p. 324; WkJe et al. (1990), Br. J. Haematol., vol. Tg. 121 - 127. 
[0005] In a healthy mammal, EPO is present in the blood plasma in very low concentratfons, as the tissues are being 
sufficiently oxygenated by the existing number of circulating erythrocytes. The EPO present stinrujiates the productfon 
of new erythrocytes to replace those lost to the aging process. Additionally. EPO production is stimulated under condi- 
35 tions of hypoxia, wherein the oxygen supply to the bod/s tissues is reduced below normal physfotogical levels despite 
adequate perfusion of the tissue by blood. Hypoxia may be caused by henx)rrtiaging, radiation-induced erythrocyte 
destruction, various anemias, high altitude, or long periods of unconsciousness. In contrast, should the number of red 
blood cells in drculation exceed what is needed for normal tissue oxygenation. EPO production is reduced. 
[0006] However, certain disease states involve abnormal erythropoiesis. UntP the advent of recombinant DNA tech- 
40 nology. no EPO was available for therapeutic use. Today, the sttuatfon is different Recombinant human EPO (rHuEPO) 
is being used therapeutically in a number of countries. In the United States, the U.S. Food and Drug Administration 
(FDA) has approved rHuEPO's use in treating anemia associated with end-stage renal disease. Patients undergoing 
henxxJialysis to treat this disorder typically suffer severe anemia, caused by the rtpture and premature death of eryth- 
rocytes as a result of the dialysis treatment EPO is also useful in the treatment of other types of anemia. For instance. 
45 chemotherapy-induced anemia, anemia associated with myelodysplasia, those associated with various congenital dis- 
orders. AIDS-related anemia, and prematurity-assodated anenrtia. may be treated with EPO. Additionally, EPO may 
play a role in other areas, such as helping to more quickly restore a normal hematocrit in bone marrow transplantatibn 
patients, in patients preparing for autologous blood transfusions, and in patients suffering from iron overload disorders. 
See e.g. US. Patent No. 5.013,718. 
50 [0007] The effective use of EPO as a therapeutk: agent requires that patients be administered small but highly precise 
doses of the protein in stable, pharmaceutically acceptable formufabons. For an example of a current EPO formulation, 
see Sobata. J., Erythropoietin in Clinical Applications, Garnk:k. M.. ed.. Marcel Dekker. Inc.. fsl.Y. (1990). Current ther- 
apy for end-stage renal disease calls for intravenous EPO administration within twelve hours of dialysis, three limes a 
week. Alternatively. EPO may be administered to such patients by intravenous, intramuscular, intracutaneous, or sub- 
55 cutaneous injection. GB-A- 2 177 914 describes pharnnaceutical compositions for nasal administration comprising an 
. aqueous and/or non-aqueous medium containing human EPO and a surfece active agent for the treatment of anemia. 
[0008] The instant invention is based upon the unexpected discovery that EPO may be delivered in a therapeutically 
efficacious manner by direct administration of the protein to the lungs of a patient (hereinafter "pulmonary administra- 



2 



EP 0 613 683 B1 



lion"). EPO delivered to the lung in this nianner is absorbed into the patient's bloodstream for systemic distribution. This 
new route of EPO administration enat^les the rapid delivery of a specified medicament dosage to a patient without the 
necessity for injection. In addition, pulmonary administration more readily lends itself to self-administration by the 
patient. 

5 [0009] There has been some prior success in the pHjlmonary administration of pharmaceutical compositions com- 
prised of low nfK>lecular weight drugs, most notably in the area of beta-androgenic antagonists to treat asthma. Other 
low molecular weight, non-proteinaceous compounds, including corticosteroids and cromolyn sodium, have been 
administered systemically via pulmonary absorption. However, not all low molecular weight daigs can be efficaciously 
administered through the lung. For instance, pulmonary administration of aminoglycoside antibiotics, anti -viral drugs 
JO and anti-cancer drugs for systemic action has met with mixed success. In some cases, lack of delivery to the Wood 
stream was attributed to the drug's inability to pass through the alveolar epithelium. In other cases, the drug was found 
to be irritating and bronchoconstrictive. Thus, even with low molecular weight substances, it is not at all predictable that 
the pulmonary delivery of such conrpounds will be an effective means of administration. See generally PeptkSe and pro- 
tein Drug Delivery, ed. V. Lee, Marcel Dekker, N.Y, 1990, pp. 1 - 11. 
75 [001 0] With respect to higher molecular weight pharmaceuticals, such as proteins, pulmonary delivery of such mole- 
cules is not unknown, although only a few examples have been quantitatively substantiated. Leuprolide acetate is a 
nonapeptide with luteinizing hormone releasing hormone (LHRH) agonist activity having low oral availability. Studies 
with animals indicate that inhalation of an aerosol formulation of leuprolide acetate results in meaningful levels in the 
Wood. See Adjei et al.. Pharmaceutical Research, Vol. Z. Na 6, pp. 565-569 (1990) and Adjet et a/.. International ^r- 
20 nal of Pharmaceutics. Vol. pp. 135-144 (1990). 

[0011] In contrast. Endothelin-1 (ET-1). a 21 amino ackJ vasoconstrictor peptide produced l>y endothelial cells, has 
been found to increase pulmonary inflation pressure but to have no significant effect on arterial trfood pressure when 
administered by aerosol to guinea pigs. However, when administered intravenously, an inportant and sustained 
increase in arterial Wood pressure was obsen^ed. See Braquet etal,. Journal of Cardiovascular Pharmacology Vol 13 
25 suppl. 5, 5.143-146(1989). 

(001 2J The feasibility of delivering human plasma al -antitrypsin to the pulnmnary system using aerosol administra- 
tion, with some of the drug gaining access to the systemic circulation, is reported by Hubbard et al.. Annals of Internal 
Medicine. Vol. Ill, No. 3, pp. 206-212(1989). 

[001 3J Pulmonary administration of a- 1 -proteinase inhiWtor to dogs and sheep has been found to result in passage 
30 of some of that sutjstance into the bloodstream. See Smith et al., J. Clin. Invest, vol. M. PP. 1 145-1 154 (1989). Like- 
wise, aerosolized a-1 anti-trypsin diffused across the lung epithelium and entered into systemic drculation in sheep and 
humans. See Hubbard et al.. (1989) Ana Intern Med., vol. HL PP. 206-212. However, vasoactive intestinal peptkie, 
a small polypeptide with a molecular weight of 3,450 daltons (D) which causes bronchodilation when given intrave- 
nously in animals, including humans, lacks efficacy when administered by inhalation. See Barrowcliffe et al. Thorax 
35 vol. 41/2, pp. 88-93 (1986) 

[0014] Experiments with test animals have shown that recoml>inant human growth hormone, when delivered by aer- 
osol, is rapidly at>sort>ed from the lung and produces faster growth comparaWe to that seen with subcutaneous injec- 
tion. See Oswein et al.. "Aerosolization of Proteins". Proceedings of Symposium on Respiratory Drug Delivery II, 
Keystone. Colorado. March, 1 990. Recombinant versions of the cytokines gamma interferon (IFN-y) and tumor necrosis 
40 factor alpha (TNF-a) have also been observed in the Woodstream after aerosol adminislration to the lung. See Debs et 
al.. The Journal of Immunotogy. Vol. 14a PP. 3482-3488 (1988). Ukewise. Pitt et al, have recently demonstrated the 
feasibility of pulmonary defivery of granulocyte-cdony stimulating factor (G-CSF) to mammals. See commonly-owned 
US. patent application 07/669.792. filed March 15, 1991. 

[001 5] Despite these examples of protein delivery via the pulmonary route, it is not predictaWe whether a particular 
45 polypeptide can be delivered for systemic effect in such a manner. Various factors intrinsic to the polypeptide itself, tfie 
delivery devrce. and particularly the lung, or a combination of these factors, can influence ttie success of pulmonary 
administration. 

[001 6J Witii respect to the lung, its conplexity presents several barriers to pulmonary administration. Initially, after 
passing through the nose or moutfi. inhaled air (and any particles contained tfierein) moves into ttie respiratory tree. 

so which is composed of numerous dichotomous branches between the trachea and ttie alveoli. BrofK^hi, bronchioles, and 
tenrnnal bronchioles comprise the conducting zone. The epithelium of these conducting airways is pseudo stratified and 
largely dilated. The more distal levels of branching form the transitional and respiratory zones, comprised of respiratory 
bronchioles, alveolar ducts, and alveoli, where gas exchange and pulmonary absorbtion occur. The respiratory zone, in 
contrast to the conducting zone, is non-ctiiated and comprised of a single cell l€yer. 

55 [0017] In the normal human male, it is estimated that the lungs contain 3 x 10® alveoli with a total surface area of 
approximately 140 m^. Alveoli are thin walled pouches that represent as minimal a bam'er to gaseous exchange 
between the atmosphere and Wood as is possftDle without comprising the integrity of the lung. Correspondingly, capil- 
lary beds adjacent to the alveoli are estimated to share a surface area of 125 m^ with the alveoli [Gray's Anatomy 
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supra]. Thus, each alveolus is in irrtimate association with numerous blood-bearing capillaries bringing oxygen- 
depleted blood from distal body tissues. 

[0018] This air-Wood barrier is comprised of the alveolar epithelium, the capillary endothelium, and the lymph-filled 
interstitial space separating these two cell layers. The mean thickness of the air-blood barrier in humans is 2.2 fim [Gehr 

5 et ai. (1978). Resp. PhysioL, vol. 32, pp. 121 - 140], while the alveolar epithelium itself can be as thin as 0.05 >im. In the 
alveolar epithelium, adjacent cells overlap and are bourxj by non-leaky tight junctions* which, in conjunction with the 
non-leaky single cell layer comprising the capillary endothelium, limits the movement of fluids, cells, salts, proteins, and 
numerous other macronx)lecules from the blood and intercellular spaces into the lumen of the alveoli. Most molecules, 
including proteins and polypeptides, must be actively or passively transported across this t>arrier in the absence of lung 

10 injury. 

[0019] In addition, within the lung certain epithelial cells secrete nuicous to form a contiguous aqueous lining through- 
out the lung to promote the diffusion of oxygen into the bkxxi. This layer of nrx>lsture. with its incumbent surface tension 
within the alveoli, requires that a surfactant be secreted to reduce this surface tension. Otherwise, the alveoli would col- 
lapse. In mammals, this surfactant* comprised mostly of lipid, appears to be made up of five layers [Stratton. C. J., Cell 
IS Tissue Res., vol. 193, pp. 219-229 (1978)] and it can be a potential inhibitor of protein transport across the air-blood 
t>amer. 

[0020] Another protective system employed by the lung is the ciliary rejection current of the conducting zona Here, 
numerous ciliated epithelial celts beat in a rhythmic one-way motion to propel the mucous lining overlaying the conduct- 
ing airways towards the esophagus, where it is expelled from the respiratory system arxJ nnoved Into the digestive tract. 

20 Thus, particles impacting on these surfaces can be effectively removed prior to their penetration further into the lung. 
[0021] Other cell types present in the alveolar lumen and in the interstitial space separating the alveolar epithelium 
from the capillary endothelium also serve as effective mechanisms for protecting the lung from and reax)ving foreign 
material, such as protein-containing particles. Alveolar macrophages migrate from the blood across the air-blood bar- 
rier. These macrophages can phagocytose inhaled particles that reach the alveoli. These phagocytes may then migrate 

25 back into the lymphatic channels or to the base of the bronchial tree to be swept out of the lung by the ciliary rejection 
current. Additionally, other cell types, such as neutrophils and lymphocytes, can move into the alveoli from the blood to 
combat infection. 

[0022] In view of the above, whether a particular therapeutic protein intended to have a systemic effect can be suc- 
cessfully delivered via the pulnrtonary route can not be predk:ted. 

30 

SUMMARY OF THE INVEtMTION 

[0023] The present invention is.based on the discovery that EPO can be admintstered systemically to a mammal via 
the pulmonary route and that such delivery results in comparable levels of therapeutic benefit as compared with cun-ent 

35 EPO administratk>n methods. Pulmonary administration is accomplished by directing a stream of a therapeutically 
effective amount of EPO into the respiratory tract of the inhaling mammal. Importantly, and surprisingly. sul>stantial 
amounts of EPO are thereby deposited in the lung and absorbed from the lung into the bloodstream, resulting in ele- 
vated levels of erythropoiesis. Moreover, this is accomplished without the necessity to resort to special measures such 
as the use of absorption enhancing agents or protein derivatfves specifically designed to improve absorption. Pulmo- 

40 nary administratk>n of EPO thus provkies an effective non-invasive alternative to the systemic delivery of EPO by injec- 
tion. 

[0024] In light of the foregoing, it is the object of XHs invention to provide a method for the pulmonary admintstratk>n 
of a therapeutically effective amount of EPO to a mammal, such as a human. Thus, the present invention relates to the 
use of EPO for the preparation of a pharmaceutical composition not containing an absorption enhancing agent for pul- 
45 monary administration or inhalatk>n. In one aspect of the invention, the methods desaibed herein involve directing a 
therapeutically effective amount of EPO into the patient's oral cavity during inhalation. Such delivery may be accom- 
plished through the use of a mechanical devica Examples of mechanical devices useful in accordance with the meth- 
ods of tiie invention include metered dose inhalers, powder inhalers, and nebulizers, particularly jet nebulizers and 
ultrasonic nebulizers. 

50 [0025] EPO useful in the present invention may be obtained from natural sources, or more preferat)ly it is derived from 
a eucaryotic host cell stably transformed with a ONA molecule coding for human EPO. In a particularly preferred 
embodiment, recombinant human EPO is derived from CHO cells stably transformed with a DNA molecule encoding 
human EPO. 

[0026] In a further aspect of the invention, the EPO delivered via the pulmonary route will be in a pharmaceutical com- 
55 position comprising EPO and a pharmaceuticaily acceptat)le carrier. The composition may be emtxxjied in an aqueous 
or non-aqueous solution, or particularly as a dry powder. When comprised of a dry powder, the particles shouW be 
small so as to allow their delivery to distal regions of the patient's lungs. Preferably, the particles should have a diameter 
of less than about 10 microns, while an especially preferred particle diameter range is from approximately 0.5 to 5 
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microns. 

[0027] Yet another aspect of the clainned invention relates to the number of erythrocytes per of blood foltowing pul- 
monary EPO admirvstration. In one embodiment, pulmonary administration of a therapeutically effective amount of 
EPO leads to a red blood cell level in excess of atx>ut 1,000 erythrocytes per ^1 of blood. In a preferred embodiment of 

5 the invention, an erythrocyte level of atx>ut 5.000 to 6.000 red blood cells per of blood is attained. Included among 
the disorders that can be treated according to the instant methods are various anemias, including both chronic and 
acute anemias. Likewise, ailments characterized as iron overload disorders can also be effectively treated using the 
methods described herein. BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1 graphically depicts the effect of 
subcutaneousiy administered rHuEPO on the hematocrit of normal rats. Three different dosages were tested: 500. 

10 1 .500. and 4.500 lU/kg. Results are expressed as the mean hematocrit (%) ± the standard deviation. FIGURE 2 is a bar 
graph showing the effect on the hematocrit of normal rats of rHuEPO administered in each of three different aerosol for- 
mulations (A, B1, and 82). as compared to the effect of subcutaneous administration. Results are expressed as the 
mean henr^tocrit (%) ± the standard deviation. FIGURE 3 presents the concentration of EPO measured in an aerosol 
generated for each of three formulations. Fornrulation A (1.500 lU/kg) is represented by 

75 

( ■ ■ ) / 

Formulation 81 (1.500 lU/kg) is represented by 

20 

( ■ ■ and (-0 0-) 

and is represents Formulation 82 (4.500 lU/kg). 
25 [0028] FIGURE 4 graphically depicts the increase in hematocrit obtained by either pulmonary 

(-0 0-) 

30 or subcutaneous 

(- ^) 



35 administration. 

[0029] Numerous aspects and advantages of the invention will be apparent to those skilled in the art upon consider- 
ation of the fblkMnr^g detailed description which provides illumination of the practice of the invention in its preferred 
emtxxiiments. 

40 PETAIUgP PESCRiPTIQN 

[0030] As used in this invention, the terms "EPO" and "erythropoietin" refer not only to rHuEPO as taught by the Lin 
patent and/or U.S. Patent No. 4.667,016 (the "Lai patent" but also to biologically active analogs thereof. In general. 
EPO useful in the practice of this inventk)n may be a native form isotated from mammalian organisms or. alternatively, 

45 a product of chemical synthetic procedures or eucaryotic host ceil expression of exogenous DNA molecules encoding 
the erythropoietin amino acid sequences obtained by genomic or cDNA cloning or by gene synthesis. Suitable eucary- 
otic hosts include yeast (e.g ^ S. cerevisiae) and mammalian (e.^.. Chinese hamster ovary (CHO). monkey) cells. 
Depending upon the host employed, the EPO expression product may be glycosylated with mammalian or other 
eucaryotic cartxDhydrates, or it may be non-glycosylated. The present invention contemplates the use of any and all 

50 such forms of EPO. although recombinant EPO. especially CHO-denved. is prefen^ed for reasons of greatest commer- 
cial practicality. 

[0031] EPO analogs useful in the practice of this invention include those having one or more amino acid additions, 
substitutions, and/or deletions as compared to either naturally-derived or rHuEPO. One particular embodiment of an 
analog comprising an additional amino add is where an initial methionine amino acid residue is present at amino acid 
55 position -1. Substitution analogs may be particularly useful in that such analogs may enat^le greater and/or differential 
cartx>hydrate modifications as compared to either naturally-derived or rHuEPO. 

[0032] Other useful EPO analogs include those having differential cartx>hydrate modif k:ations. including EPO mole- 
cules containing different patterns of glycosylation. such as the addition or deletion of one or more oligosaccharide 
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chains, differing levels of sialation, etc. See generally Protein Gtycosylation: Cellular, BiotechnicaK and Analytical 
Aspects (1991), edited by H.S. Conradt. VCH. NX N Y. 

[0033] Additionally, other EPO analogs may also be generated. These include analogs wherein the protein is conju- 
gated to another chemical substance, such as polyethylene glycol (PEG). For details, see U.S. Patent No. 4.179,337. 

5 Other useful chemical conjugations may include methytation. amidation. etc. Further. EPO (or a biologically active frag- 
ment thereof) conjugated to another protein molecule is also intended to fall within the scope of the term "erythropoie- 
tin" or "rHuEPO." For example, such conjugation may be accomplished by chemtcal or peptide linkers. See generally 
Chemical Reagents for Protein Modification, 2d. Ed. (1991) R.L Lundblad. CRC, Boca Raton. FL. pp. 287 - 304. As 
used herein. "EPO" also refers to chimeric protein molecules, wherein all or a portion of the primary amino acid 

10 sequence of erythropoietin is combined with a part or all of the primary amino acid sequence of one or more other 
polypeptide in a contiguous polypeptide chain. For a discussion on the generation of chimeric protein molecules, see 
Chemical Reagents for Protein modification, supra. Proteins to which EPO may be linked, either by conjugation or by 
generation of a chimera, include G-GSF. GM-CSF, M-CSF, SCF. P-DGF. members of the interleukin family, and mem- 
bers of the FGF family. 

15 [0034] Pulmonary delivery of pharmaceutical compositions interxied for systemic administration to patients requires 
the deposition of a therapeutically active substance from a reservoir containing that active irigredient to an area of the 
patient's lungs capatrfe transferring that substance, either actively or passively, to the patient's blood. The deposition is 
best accomplished by propelling a preparation comprised of an aqueous aerosol or solid particles containing the active 
ingredient into the lungs of the patient. 

20 [0035] In the central airways of the lung, air flow is rapid and turtxilent. but as the cross-sectional area of the more 
distal ainvays increases, the air flows in a smooth laminar manner [Fenn et al., (1973) Handbook of Physiology: 
Respiration, Am. Physiol. Soc.. Washington. D.G.]. Such snrmth laminar flow enables nrvcroscopic particles containing 
EPO to be deposited in the alveoli of the patient receiving treatment. 

[0036] Particle size is an important consideration in achieving particle deposition in the distal lung regions. Porush et 
25 al. . reported that to reach the alveoli, small particles should be 0.5 jim to 7 jmi in diameter ((I960) Amer. Pharm. Assoc. 
Sci. Ed., VOL 49. p. 70]. Later, the preferred particle size for such deposition was reported to be less than 5 ^m in diam- 
eter (Newman et ai . (1 983) Thorax, voi 2S. p. 881]. Along these lines. Utsumi et al, (PCT Patent Application No. WO 
91/16038) disclosed the preparation of an aerosol composition comprised of solid, micronized human interferon or 
interleukin for pulmonary administration. In their preparation, the particles ranged from 0.5 ^m to 10 iim in median 
30 diameter. 

[0037] Devices capatrfe of depositing aerosolized EPO formulations in the alveoli of a patient include nebulizers, 
metered dose inhalers, and powder inhalers. Other devices suitable for directing the pulnrjonary administi-ation of EPO 
are also known in the art. All such devices require the use of formutatiorts suitable for the dispensing of EPO in an aer- 
osol. Such aerosols can be comprised of either solutions (both aqueous and non-aqueous) or solid particles. Nebuliz- 
es ersare useful in producing aerosols from solutions, while metered dose inhalers, dry powder inhalers, etc. are effective 
in generating small partide aerosols. Typically, each fornnulation is specific to the type of device employed and may 
involve the use of an appropriate propellarrt material, in addition to the usual diluents, acfiuvants and/or carriers useful 
in EPO therapy. EPO formulations which can be utilized in the most common types of pulmonary dispensing devices to 
practice this invention are now described. 

40 

Nebulizer EPO Formulation 

[0038] EPO formulations suitable for use with a nebufizer. either jet or ultrasonic, wQI typfcally comprise EPO dissolved 
in water at a concentratk>n of. e.^., about 0.1 to 25 mg of EPO per mL of solution. The formulation may also include a 

45 buffer and a simple sugar {e.g., for protein stabilization and regulation of osmotic pressure), and/or human serum albu- 
min ranging in concentration from 0.1 to 10 mg/htl. Examples of tKjffers which may be used are sodium acetate, citrate 
and glycina Preferably, the buffer will have a composition and molarity suitable to adjust the solution to a pH in the 
range of 5 to 7. Generally, buffer molarities of from 2 mM to 50 mM are suitable for this purpose. Examples of sugars 
which can be utilized are lactose, maltose, mannitol. sorbitol, trehafose. and xylose, usually in amounts ranging from 

50 1% to 10% by weight of the formulation. 

[0039] The nebulizer Ibrmulatfon may also contain a surfactant to reduce or prevent surface induced aggregation of 
the protein caused by atomization of the solution in forming the aerosol. Various conventional surfactants can be 
employed, such as pdyoxyethylene fatty add esters and ateohols, and polyoxyethylene sortntan fatty acid esters. 
Amounts will generally range between 0.001% and 4% by weight of tiie formulation. An especially preferred surfactant 

55 for purposes of this invention is polyoxyethylene sortsitan monooleate. 

[0040] Two specific examples of commercially available nebulizers suitable for the practice of this inventfon are the 
Ultravent nebulizer, manufactured by Mallinckrodt. Inc.. SL tj)uis. Missouri, and the Acorn II nebulizer, manufactured by 
Marquest Medical Products, Englewood. (Colorado. 
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Metered Dose Inhaler EPO Formulation 

{0041 ] EPO forniulations for use with a metered-dose inhaler device will generally comprise a finely divided powder. 
This powder may be produced by lyophilizing and then milling a liquid EPO formulation and may also contain a stabilizer 
5 such as human serum albumin (HSA). Typically, more than 0.5% (w/W) HSA is added. Additionally, one or more sugars 
or sugar alcohols may be added to the preparation if necessary Examples include lactose maltose, mannttol. sorbitol, 
sorbitose, trehalose, xylrtol. and xylose. The amount added to the formulation can range from about 0.01 to 200% (w/wv). 
preferably from approximately 1 to 50%. of the EPO present. Such formulations are then lyophilized and milled to the 
desired particle size. 

10 [0042] The properly sized particles are then suspended in a propellent with the aid of a surfactant The propellant may 
be any conventional material enployed for this purpose, such as a chlorofluorocart^on, a hydrochlorofhiorocarbon. a 
hydrof luorocarbon. or a hydrocart>on. including trichfororiuoromethane. dichlorodif luoromethane, dichlorotetraf luoroeth- 
anol. and 1.1.1.2-tetraftuoroethane, or combinations thereof. Suitable surfactants include sorbitan trioleate and soya 
lecithin. Oleic acid may also be useful as a surfactant. This mixture is then loaded into the delivery device. An example 

15 of a commercially available metered dose inhaler suitat^le for use in the present invention is the Ventolin metered dose 
inhaler, manufactured by Glaxo Inc.. Research Triangle Park. North Carolina. 

Powder Inha ler EPO FomTulation 

20 [0043] Such EPO fbmiulations will comprise a finely divided dry powder containing EPO and may €dso include a bulk- 
ing agent, such as lactose, sorbitol, sucrose, or mannrtol in amounts which facilitate dispersal of the powder from the 
device, e.^.. 50% to 90% by weight of the formulation. The EPO should nx>st advantageously be prepared in particulate 
form with an average particle size of less than about 10 (or micrometers), most preferat}ly 1 to 5 lun, for most effec- 
tive delivery to the distal lung. 

25 [0044] An example of a powder inhaler suitable fbr use in accordance with the teachings herein is the Spinhaler pow- 
der inhaler, manufactured by Fisons Corp.. Bedford, Massachusetts. 

[0045] The irrvention contemplates the administration of therapeutically effective anuDunts of erythropoietin via the pul- 
monary route. What constitutes a therapeutically effective amount of EPO will depend on the particular disease state 
or condition being treated. For instance, in the case of anemia, a therapeutically effective amount of EPO will t^e an 

30 amount sufficient to elevate the erythrocyte level in the blood. What constitutes a therapeutically effective amount in a 
particular case will depend on a variety of factors which the knowledgeable practitioner will take into account in arriving 
at the desired dosage regimen, including the normal red blood cell level fbr that subject, the severity of the condition or 
illness being treated, the degree of erytfiropoietk: dysfunction, the physical condition of the subject, and so forth. 
[0046] In general, a dosage regimen will be followed such that the normal erythrocyte level fbr the individual under- 

35 going treatment is restored, at least in cases of abnormally low or depressed red t^lood cell counts. As used in this 
invention, "anemia" refers to a physical condition wherein the red blood cell count (or hematocrit) falls below the normal 
range for that particular species and that gender. "Hematocrit" is a measure of the erythrocyte content of a patient's 
blood as determined by low speed ceritrifugation of a blood sample, wherein the packed cell volume is compared to the 
total volume of the sample. Additional methods may also be used to determine the hematocrit, including automated 

40 blood cell counting. For humans, a normal red blood cell level is about 4.1 - 6.0 x 1 0^ erythrocytes per microliter of blood 
in adult males and 3.9 - 5.5 x 10^ red blood cells/|il in adult females. Correspondingly, hematocrit levels in humans also 
vary. In adult males, normal hematocrits range from 39.8 to 52.2%. ttie average being 46%. In contrast, the average 
human adult female hematocrit is 40.9%, and normally ranges from 34.9 to 46.9%. Clinical studies with patients having 
end stage renal disease, who suffer from chronic severe anemia (hematocrit below 30%) as a result of regular kidney 

45 dialysis, show that intravenously administered doses of 1 0 - 1 500 pg rHuEPO/kg body weight thrice weekly are effective 
in elevating and/or maintaining erythrocyte levels in anenruc patients. Escht>ach. J.. Erythropoietin, Erslev et a/., eds.. 
The Johns HopMns University Press, 1991. 

[0047] As those skilled in the art will recognize, the operating conditions for delivery of a suitable inhalation dose will 
vary according to the type of mechanical device employed. Fbr some aerosol delivery systems, such as nebulizers, the 
so frequency of administration and operating period will be dictated chiefly by the annount of EPO per unit volume in the 
aerosol. In general, higher concentrations of protein in the nebulizer solution and. correspondingly, the aerosol will 
require shorter operating periods. Some devices, such as metered dose inhalers, may produce higher aerosol concen- 
trations than others and thus will be operated for shorter perk)ds to give the desired result. 

[0048] Other devices, such as powder inhalers, are designed to be used until a given charge of active material is 
55 exhausted from the devica The charge loaded into the devkre will t>e formulated accordingly to contain the proper inha- 
lation dose amount of EPO for delivery in a single administration. 

[0049] White EPO has been found useful in treating red blood ceil-def tdent conditions such as anemia associated 
with kidney dialysis. EPO is expected to also be effective in combating anemias associated with chemotherapy and 
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other cytotoxic and/or cytostatic therapies where red blood cell levels are depressed below the norm. Additionally. EPO 
is useful in treating disorders, such as so-called iron overload disorders, characterized by excessive amounts of stored 
iron in the body (see U.S. Patent 5.013.718). As further studies are conducted, information will emerge regarding appro- 
priate dosage levels for the administration of EPO in these latter cases. It is expected that the present invention will be 
applicable as a non-invasive alternative in most instances where EPO is administered therapeutically by injection. 
[0050] As mentioned, parenteral administration of EPO is krK)wn to cause an increase in the numt>er of circulating 
erythrocytes in the blood. Studies were performed to demonstrate that inhalation of an aerosol of reoorr^inant human 
EPO (rHuEPO) also causes an increase in the number of red blood cells. These inhalation studies were conducted by 
repeatedly exposing rats to an aerosol containing rHuEPO in a nose-only inhalation chamber. For comparison, rats 
were also administered EPO subcutaneously 

[0051] The rHuEPO employed was a CHO-derived recombinant expression product having the amino acid sequence 
shown in Figure 6 of the aforementioned Lin patent comprising the entire rHuEPO pofypjeptide. from amino acid -i-l 
through +^66, The rHuEPO employed herein is produced according to the methods described in the Lin patent, supra. 
The rHuEPO produced according to the methods of Un was then purified according to the methods described by t^i et 
al. in U.S. Patent No. 4.667,016. Following purification, the rHuEPO was prepared as an aqueous solution corrtaining 
2.34 mg rHuEPO per mL deiontzed water. This solution was then filtered through a Millex-GV (0.22 |im PVDf^ fdter and 
had a specific activity of 1 1 9.000 lU/mg. 

EXAMPLE 1 

Subcutaneous EPO Administration to Rats 

[0052] To determine the hematocrit-increasing effect that rHuEPO has on rats. rHuEPO was admirvstered subcuta- 
neously at three dosage levels to male Sprague-Dawley rats (Simonsen Latx>ratories Inc.. Gilroy. California) weighing 
130 to 200 g. rHuEPO was diluted in sterile phosphate-buffered saline (PBS). pH 7.4, containing 0.025% rat serum 
albumin to obtain the appropriate rHuEPO dose (500, 1.500. and 4,500 lU/kg) in a volume of 200 |iL. One group of ten 
male rats was injected subcutaneously vioth a control solution of containing only 0.025% rat serum albumin in PBS, pH 
7.4. Each of three rHuEPO dosages was injected subcutaneously into one of three groups of ten experimental animals. 
The animals were injected three times on alternating days for each dosage level. Following injection, the animals were 
returned to their cages and given free access to food and water. On the seventh day following the first rHuEPO admin- 
istration, blood was drawn from each of the experimental animals by cardiac puncture and the hematocrit was meas- 
ured. 

[0053] Rats that subcutaneously received 500 lU/kg of rHuEPO exhibited a 25% increase in hematocrit levels as com- 
pared to the placekx)-treated controls (see Rgure 1). Those animals receiving higher dosages of rHuEPO showed sig- 
nificant but non-linear, increases in hematocrit as con^pared to group that receved 500 lU/kg per administration (see 
Figure 1). 

EXAMPLE 2 

EPQ Aerosol Characterization and AdministratiOT 

[0054] After demonstrating that subcutaneous rHuEPO administration elicited an increased hematocrit in treated rats, 
efforts were undertaken to determine whether EPO could be delivered systemically via the pulmonary route. To conduct 
these experiments, an Acorn II jet nebulizer, supra, fitted with nose-only exposure chambers (In-Tox Products. Albu- 
querque. New Mexico) was employed. 

[0055] The EPO employed in the Acorn II was either of two formulations. Formulation A contained 0.67 mg/mL 
rHuEPO. 0.025% rat serum albumin. 15 mM phosphate buffer. pH 7.4. and 2% manrutol. Formulation B contained pure 
rHuEPO at a corKentration of either 0.67 mg/mL (Formulation B1) or 2.34 mg/mL (Formulation B2), prepared by diluting 
concentrated rHuEPO with deionized water. It was estimated that a 0.67 mg/mL EPO solution would provide a 1.500 
lU/kg dose to each rat over the course of a single aerosol exposure. Likewise, the 2.34 mg/mL formulation was 
designed to deliver a dose of 4,500 lU/kg over the course of an exposure. A control aerosol, consisting of the Formula- 
tion A constituents but no rHuEPO, was also prepared. 

[0056] Aerosol exposure was acconrtplished by loading the Acorn II with 5 mL of one of the EPO formulations or the 
control solution. The compressed air- line pressure was adjusted to deliver an airflow of 10 LAnin through the nebulizer. 
Groups of 20 rats were placed in tubular restrainers and loaded into the In-Tox exposure chanrber. The aerosol was 
administered to the animals over a period of 10 minutes, by which time the EPO-containing solution had been com- 
pletely dispensed from the nebulizer. After exposure, the experimental animals were retumed to their cages and given 
free access to food and water. 
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[0057] Each aerosol formutation was delivered every other day for a total of three doses. On the seventh day after the 
first exposure* tslood was drawn from each test aninnat by cardiac puncture and the blood analyzed for its hematocrit 

level. 

[0058] During each exposure, particle size distribution was measured from one of the unused nose ports in the expo- 
5 sure chamber by attaching a QhAC cascade impactor (California Measurements. Sierra Madre, California). The mass 
median aerodynamic diameter (MMAD) and the geometric standard deviation (GSD) of the size distribution were cal- 
culated with the DISTFIT computer program (TSI. St. Paul. Minnesota). Table 1 shows the results ot>tatned for each for- 
mulation. 

10 

Table 1 



Particle Size Distribution 


Formulation 


MMAD (^m) 


GSD 


Control 


1.10 ±0.03 


2.59 ±0.28 


A 


1.14±0.10 


2.57 ±0.13 


B1 


0.74 ± 0.02 


3.58 ±0.04 


B2 


0.85 ±0.05 


4.81 ±0.19 



[0059] Additionally, the aerosol concentration in the chamber was estimated by sampling 1 Urrvn through a 0.45 ^im 
pore, polyvtnylidene (PVDF). low protein binding filter (Millipore, Bedford. Massachusetts) attached to another unused 
chamber port. Aerosol concentration was estimated by measuring the weight gain of the filter and by analysis of the 

25 EPO collected thereon. EPO was extracted from the filter using 1.5 mL of a solution containing 5 mM CHAPS [see U.S. 
Patent No. 4,372.888; Hjelmeland. L (1980) Proc. NaVL Acad. Set. USA vol. 77, p. 6368; Hjelmeland et a/.. (1983) 
AnaL Bfochem., vol. 130 . p. 72] in 50 mM Tris txjffer, pH 7.2. and 0.9% NaCI. The filter extract was analyzed by reverse- 
phase high-performance liquid chromatography (HPLC), radio-immuno assay (RIA). arxi by bioassay. 
[0060] Reverse-phase HPLC analysts of the filter extract was conducted on a Hewlett Packard (Mountain View, Cal- 

30 ifbrnia) model 1050 HPLC with a 4.6 x 250 mm C4 bonded silica column (Vydac 214TP54) calibrated as follows: using 
standards of purified rHuEPO diluted in filtered deionized water containing 0.025% rat serum ailximin and phosphate 
buffer, the column was run at a flow rate of 0.5 mL/min using a linear gradient of 0 to 55% acetonitrile (ACIM) in 0.1% 
aqueous trifluoroacetic acid, wherein the ACN gradient increased 1% per minute. A dual channel UV detector recorded 
absofbances at 220 and 280 nm. At 280 nm. the HPLC response was linear over a range of 15 to 100 pg of rHuEPO. 

35 Under these conditions, rHuEPO eluted from the column at 52.3 ± 1 .5 min. 

[0061 ] To analyze the filter extracts. 200 \»L of each 1 .5 mL extract described above was injected onto the column and 
analyzed as the standards had been. Table 2 depicts the total mass and EPO concentrations measured on the filters. 



Table 2 



so 



Filter Extract Analysis 


Formulation 


Powder Total Mass Con- 
centration (>ig/L) 


EPO Concentration 

(ng/L) 


Control 


437±31.8 


0.0 ± 0.0 


A 


457 ±11.3 


10.7 ±2.5 


B1 


10.0 ±5.6 


7.8 ± 0.8 


B2 


40.7 ± 6.7 


25.1 ±2.7 



The EPO aerosol levels in the exposure chamber resulting from the various aerosol rHuEPO formulations are pre- 
sented in Rgure 3. Seven days after the initial aerosol treatment, the average hematoaits (51 .2 ± 1 .58%) of the 20 ani- 
mals that received Formulation B2 were significantly higher (p > 0.001) than the mean measured in the ten 
55 sutx^utaneous injection control animals (47.1 ± 2.00%) and the aerosol control group (44.3 ± 1.70%). 

[0062] These data establish that EPO can be systemically delivered in therapeutically effective quantities. Also, the 
presence of mannitol had no apparent inpact and the effectiveness of the EPO aerosol as compared to Formulation 
B1 . which contained rHuEPO only 
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(00631 Taken together, the results presented in Tables 1 and 2 and Figure 3 show that the aerosol dosing was well 
controlled. The total mass concentration of the control aerosol was nearly equivalent to that obtained for Formulation A. 
which contained mannitol as a bulking agent (and which was also included in the control)* Also, as expected. Formula- 
tion B2 produced an aerosolized EPO concentration of three times that for Formulation Bl. The slightly higher aerosol 
concentration observed for Formulation A as compared to Formulation 81 is perhaps due to the presence of the bulking 
agent in the first formulation. 

[0064] An estimate of the rHuEPO dose delivered by aerosol to a rafs lungs was made from the average concentra- 
tion of EPO in the aerosol, the lung deposition fraction (0.29) (Dahlback et af., American Association of Aerosol 
Research. Reno. NV. 1990]. the resting ventilation rate for a rat (169 mL/min ), and the exposure period (10 min.). 
These estimated doses appear in Table 3 and correlate well with the targeted dosage levels. 



Table 3 



Estimated EPO Aerosol Dosage Levels 


EPO Exposure 


EPO Aerosol 
Concentration 

(ugA.) 


EPO Dose Oig) 


Average Weight 
(kg) 


Normalized Dose 
(lU/kg) 


Targeted Dose 
(lUykg) 


A 


10.7 ±2.5 


4.96 ± 1.16 


0.227 


2600 ±608 


1500 


81 


7.8 ± 0.8 


3.67 ±0.35 


0.317 


1359 ±138 


1500 


82 


25.1 ±2.7 


1.65 ±1.25 


0.314 


4415 ±473 


4500 



[0065] Figure 4 compares the hematocrits measured after exposure to the EPO aerosol formulations and to the 
hematocrits seen after sutxutaneously dosing rats with various EPO concentrations. These results indicate that a 
4.500 lU/kg dose of aerosolized EPO produced a hematocrit elevation equrvaient to that obtained by a 500 lU/kg sub- 
cutaneous injection. 

[0066] Radioimmunoassays (RIAs) were conducted on Formulation A, residual rHuEPO remaining in the nebulizer 
following aerosolization of Formulation A, and the amount of rHuEPO captured on a PVDF filter during the course of 
aerosol administration of Formulation A. The RIAs were conducted as follows: EPO samples (both experimental and 
standard samples) were incubated at ZV^C for two hours with rabbit anti-EPO antiserum in a total volume of 0.5 ml. 
Each sample was diluted to the final volume using a reaction diluent comprised of PBS. pH 7.4. containing 0.1% t>ovine 
serum albumin. After the two hour incubation. ^^^l-rHuEPO (Amersham Corp.) was added and the irKubation continued 
at 4»C overnight. Antibody-bound '^^l-rHuEPO was separated from free ^^^l-rHuEPO by the addition of Tachisorb (goat 
anti-rabbit IgG conjugated to Staphylococcus aureus cells. Cafbkxiiem. La Jolla. OA. USA). The tubes were centrt- 
f uged to pellet the Tachisorb and the resulting pellets were washed in 1 0 mM Tris-HQ. pH 8.2. containing 1 50 mM NaCI, 
2 mM EDTA, and 0.05% Triton X-100. AntilxxJy-bound ^^^l-rHuEPO was then quantified by gamma counting. 
[0067] In addition to RIAs, the in vivo biological activity of the rHuEPO in Formulation A delivered by nebulization was 
determined by using the exhypoxic polycythemic mouse bioassay (Cotes et a/.. Nature, vol. 191. pp. 1065-1067, 1961). 
This analysis enabled a determination as to whether rHuEPO retained its biolbgicat activity once aerosolized. The in 
vivo activity obtained from these assays was then converted to a mass concentration by dividing the results by 1 19,000 
lU/^g EPO. the specif c activity of the rHuEPO. Table 4 presents the results of the RIA and in vivo measurements. 



Table 4 



EPO Activity Following Aerosolization 


Sample 


Expected Cone. 


EPO Cone. (RIA) 


EPO Cone. (Bioasssay) 


Formulation A 

Residual EPO in Nebulizer 

EPO from Filter Sample 


0.67 mg/mL 
0.67 mg/mL 
59.5 pgMiL* 


0.63 mg/mL 
0.75 mg/mL 
45.8 iiQ/mL 


0.64 mg/mL 
0.89 mg/mL 
64.0 ^g/mL 



^Measured by reverse-phase HPLC 



[0068] Both the RIA and in vivo bioassay detected an increase in the EPO concentration in the solution remaining in 
the nebulizer after exposure, which is most likely due to water evaporation. See Mercer et a/., Am. tnd. i-iyg. Assoc. J., 
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vol. £2. p. 66, 1968. Also, the close agreement between the RIA and bioassay results indicates that the specific activity 
of EPO was not adversely affected by the generation and drying of the aerosol. 

[0069] While this invention has been specifically illustrated with regard to the use of aerosolized solutions and neb- 
ulizers, it is to be understood that any conventional means suitable for pulmonary delivery of a biological material may 
be employed to administer EPO in accordance with this invention. Indeed, there may be instances where a metered 
dose inhaler, or powder inhaler, or other device is preferable or best suits particular requirements. The foregoing 
description provides guidance as to the use of some of those devices. The application of still others is within the abilities 
of the skilled practitioner. Thus, this invention should not be viewed as being limited to practice by application of only 
the particular embodiments described. 

Claims 

1 . The use of erythropoietin for the preparation of a pharmaceutical composition not containing an absorption enhanc- 
ing agent for pulmonary administration or inhalation. 

2. The use according to Claim 1 wherein the pharmaceutical composition is selected from the group consisting of an 
aqueous solution, a non-aqueous suspension, and a dry powder, 

3. The use according to Claim 1 or 2 wherein the pharmaceutical composition is in the form of an aerosol preparation. 

4. The use according to Claims 2 and 3 wherein the dry powder comprises erythropoietin-containing particles, the 
particles having a diameter of less than 10 microns. 

5. The use according to Claim 4 wherein the erythropoietin-containing particles have a diameter ranging between 1 

and 5 microns. 

6. The use according to any one of Claims 1 to 5 wherein the erythropoietin is recombinant human erythropoietin. 

7. The use according to Qaim 6 wherein the recombinant human erythropoietin is produced in a eucaryotic host ceil 
stably transformed with a DNA nrx>lecule coding for human erythropoietin. 

8. The use according to Claim 7 wherein the host ceil is a Chinese hamster ovary (CHO) cell. 

9. The use according to Claim 1 wherein the pharmaceutical composition for inhalation is contained tn a mechanical 
device selected from the group consisting of a nelxjiizer. a metered dose inhaler, and a powder inhaler. 

10. The use according to Claim 9 wherein the mechanical device is a nebulizer selected from the group consisting of 
a jet netxjiizer and an ultrasonic nebulizer. 

11. The use according to daim 1 wherein the ptiarmaceutical composition corrprises a propellant. 
PatentansprQche 

1. Die Verwendung von Erythropoetin zur Herstellung einer pharmazeutischen Zusammensetzung ohne ein die 
Resorption verstSrkendes Mittel zur Verabreichung Qber die Lunge Oder durch Inhalation. 

2. Die Verwerxiung gemaB Anspruch 1. wobei die pharmazeutische Zusammensetzung ausgewahft ist aus der 
Gruppe bestehend ai^ einer wdBrigen LOsung. einer nicht-wa6rigen Suspension und einem trockenen Pulver. 

3. Die Venwendung gemdB Anspruch 1 oder 2, wobei die pharmazeutische Zusammensetzurig in F=6rfn eines Aero- 
sol- Praparats vorliegt. 

4. Die VenA/endung gemaB Anspruch 2 urxf 3. wobei das trockene Pulver Erythropoetinenthaltende Teilchen mit 
einem Durchmesser von weniger als 10 Mikron umfeBt. 

5. Die Verwendung gemaB Anspruch 4. wobei die Erythropoetin-enthaltenden Teilchen einen Durchmesser von 1 bis 
5 fwlikron besitzen. 
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6. Die Verwendung gemaB einem der Anspruche 1 bis 5. wobei das Erythropoetin rekombinantes menschliches Ery- 
thropoetin ist. 

7. Die Verwendung gemdB Anspruch 6» wobei das rekombinante menschliche Erythropoetin in einer stabil mit einem 
fur menschliches Erythropoetin kodierenden DNA-MolekQI transfbrmierten eukaryotischen Wirtszelle hergestent 
wird. 

8. Die Verwendung gemdB Anspruch 7, wobei die Wirtszelle eine Ovarzelle des Chinesischen Hamsters (CHO) ist. 

9. Die Verwendung gemSQ Anspruch 1, wobei sich (fie pharmazeutische Zusammensetzung zur Inhalation in einer 
mechanischen Vorrichtung befindet. die ausgewdhit ist aus der Gruppe bestehend aus einem Vernebler, einem 
Inhalator fur dosierte Mengen und einem Pulver-lnhalator. 

10. Die VerwerxJung gemas Anspruch 9, wobei die mechanische Vorrichtung ein Vernebler ist, ausgewdhit aus der 
Gruppe bestehend aus einem Dusenvernebler und einem Ultraschaltvernebler. 

11. Die Verwendung gemdQ Anspruch 1. wobei die pharmazeutische Zusammens^ung ein Trea^mittel umlaSt. 
Revendications 

1 . Utilisation d*^ythropoT6tine pour la preparation d'une corrposition pharmaceutique ne oontenant pas d'agent am6- 
liorar^ Tabsorption. pour admintstration pulmonaire ou inhalation. 

2. Utilisation sefon la revendlcation 1 dans laquelle la composition pharmaceutique est choisie dans le groupe cons- 
tttu6 d'une solution aqueuse. d'une suspension non aqueuse. et d'une poudre sdche. 

3. Utilisation selon ta revendication 1 ou 2 dans laquelle la composition pharmaceutique se pr^sente sous la forme 
d'une preparation pour aerosol. 

4. Utilisation selon la revendication 2 ou 3 dans laquelle la poudre s^che comprend des particules contenant de 
rerythropoTetine, les particules ayant un diam^tre inf^rieur & 10 microns. 

5. Utilisation selon la revendication 4 dans laquelle tes particules oontenant de r^rythropoTetine ont un diam^tre com- 
pris entre 1 et 5 microns. 

6. Utilisation selon Tune quelconque des reverxlications 1 d 5 dans laquelle rerytfiropoT^tine est une 6rythropoT6tine 
humaine recombln6e. 

7. Utilisation selon la revendk;ation 6 dans laquelle r^rythropoietine humaine recombin6e est produite dans une cel- 
lule h6te eucaryote transfbrmde de mani^re stable avec une mol6cute d*ADN oodant pour r6rythropoT6tine 

humaine. 

8. Utilisation selon la revendication 7 darts laquelle la cellule Mte est une cellule d*ovaire de hamster chinois (CHO). 

9. Utilisation selon la revendication 1 dans laquelle la composition pharmaceutique pour inhalation est contenue dans 
un dispositrf m^canique choisi dans ie groupe oonstitud d*un n6buiiseur, d*un inhalateur doseur, et d*un inhatateur 
d poudre. 

10. Utilisation selon la revendication 9 dans laquelle le dispositif m^canique est un ndbutiseur choisi dans le groupe 
constitue d*un n^buliseur & air et d'un n6buliseur k ultrasons. 

11. Utilisation selon la revendication 1 dans laquelle la composition pharmaceutique comprend un propulseur. 
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FIGURE 1 
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FIGURE 2 
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FIGURE 3 
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FIGURE 4 
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